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Introduction
The num ber o f com pounds containing a bond between gold(I) and nitrogen is relatively limited [1] . Small neutral ligands such as ammonia, amines or nitriles give simple linear gold com plexes such as [A u In the m ajority o f cases where a com pound con tains an A u (I)-N linkage, however, the linearly two-coordinate gold atom carries a tertiary phosphine as a second ligand. The phosphine donor helps to stabilize the A u (I)-N bond [2] since, in contrast to nitrogen, the larger phosphorus atom is an efficient 7r-acceptor ("back-bonding" [3] ). The classification o f nitrogen and phosphorus as "h ard " and "soft" donor atoms, respectively, and of gold(I) as a "soft" metal acceptor is a pheno menological description of this situation [4] .
The known m ononuclear complexes o f formula [LAuP R 3]" contain nitrogen donor ligands L that * Reprint requests to Prof. Dr. H. Schmidbaur.
Verlag der Zeitschrift für Naturforschung, D-W-7400 Tübingen 0932-0776/92/0900-1255/$ 01.00/0 are either heterocyclic/aromatic (e.g. diazepine [5] ; pyridine [6] ; n = +1) or anionic (HL = hydrazoic acid, carboxylic acid amide, pyrazole, adenine, phthalimide; n = 0) in character [1, [7] [8] [9] [10] . Par ticularly significant are the amide derivatives [{(Me3Si)2N }A uPM e3] [11] and R N H A uP P h3 as well as the dinuclear species R N (A uPPh3)2 (R = /?-N 02C6H4) [12] .
The solid-state structures o f com pounds of the type R N (A uPPh3)2 and a num ber of other com plexes m entioned so far are characterized by short intra-or interm olecular m etal-m etal distances. This bears witness to a phenom enon that is gener ally encountered in the coordination chemistry of gold(I): A lthough m onovalent gold possesses a closed shell [Xe] 4 f 14 5 d 10 electronic configuration, there is a wealth o f X-ray and spectroscopic evi dence for bonding relationships between such gold atom s in both mono-and polynuclear gold(I) com pounds [13] . These attractive interactions occur perpendicular to the principal axis o f the lin early two-coordinate gold(I) centres and are often responsible for structural peculiarities o f the corre sponding complexes [14] .
The tendency of m onovalent gold to form A u -Au bonding interactions ("auriophilicity") also favours the form ation o f highly aurated species such as [E(AuL)3]X (E = O, S, Se) [15] , [RC(AuL)3] [16] or [RP(AuL)3]X [17] (L = R 3P, X = BF4~). M ost im portantly, though, "auriophilicity" is the underlying principle for the successful systematic synthesis of hypercoordinated cations such as [RC(AuL)4r [18] , [C(AuL)sr [19] , [C(AuL)6p [20] and [RP(AuL)4]2+ [21] . Recent work designed to find a route to nitrogen-centred clusters of gold(I) was inspired by this concept and led to the synthesis of stable triaurioam m onium salts o f type [RN(A uPPh3)3]+ BF4-(R = alkyl, aryl) [12, 23, 24] , Further, the highly stable tetraaurioam m onium salt [N(AuPPh3)4]+ BF4~, described in the lit erature [25] , proved to be a suitable precursor for the direct synthesis of the equally stable pentanuclear cluster com pound [N(AuPPh3)5]2+ (BF4~)2 [26] , Consequently, poly-aurated am m onium salts are now well documented.
In contrast, diaurioam m onium salts [R2N(AuL)2]X are still unknown, and inform ation on m onoaurioam m onium salts has so far been scarce. A few reports do mention com pounds of general formula [R"NH(3_n)(AuL)]X (0 < n < 3) [27] but give little experimental or spectroscopic detail. It was therefore the purpose o f this study to complement these data and synthesize m ono nuclear complexes o f sufficient stability to allow comprehensive characterization.
Experimental

Starting materials and physical methods
Amines and silver tetrafluoroborate employed in the synthesis of the complexes reported here were commercial products o f reagent grade. Piperidine was dried over potassium hydroxide and distilled before use. Quinuclidine was used as sup plied, and stored under anhydrous conditions. Triphenylphosphinegold(I) chloride was prepared by the published m ethod [28] . IR spectroscopic meas urements were carried out on a Nicolet 5-DX FT-IR spectrometer (KBr discs). The abbrevia tions w, m and s (weak, medium, strong) refer to the intensities o f the IR absorptions. N M R spectra were recorded on a Jeol-GX 400 spectrometer. Mass spectra were obtained by field desorption (FD) or fast atom bom bardm ent (FAB) on a Finnigan MAT 90 spectrometer. Elemental analyses were performed in the m icroanalytical laboratory of this institute.
Syntheses o f compounds
The experiments were carried out under the ex clusion of light in an atm osphere o f purified nitro gen, employing standard Schlenk techniques. The solvents were dried, saturated with nitrogen, and distilled before use.
[ C5H n NAuPPh3] + B F f (1)
A solution of triphenylphosphinegold(I) chlo ride (0.55 g, 1.11 mmol) in TH F (7 ml) was added to a solution of silver tetrafluoroborate (0.22 g, 1.13 mmol) in methanol (2 ml), and the reaction mixture was stirred for 15 min at room tem pera ture. The precipitated silver chloride was then re moved by filtration over cellulose. A solution of piperidine (0.2 ml, 2.02 mmol) in T H F (5 ml) was added dropwise over 10 min to the clear, colour less filtrate at -6 8 °C. After stirring for 1 h the sol id that had formed was separated by filtration, re crystallized twice from a mixture o f methylene chloride and hexane, and dried in vacuo. Yield: 0.39 g, 56%.
Analysis fo r 1 ( C ,3H 26AuBF4N P , 631. 19 
To a solution of triphenylphosphinegold(I) tetrafluoroborate prepared as above (triphenylphosphinegold(I) chloride: 0.38 g, 0.77 mmol; sil ver tetrafluoroborate 0.15 g, 0.77 mmol) was added at room tem perature a solution o f quinuclidine (l-azabicyclo[2.2.2]octane) (0.97 g, 0.87 mmol) in m ethanol (5 ml). The resulting suspension o f a col ourless, voluminous precipitate was stirred for 30 min at room temperature and evaporated to dryness. The residue was extracted with methylene chloride, which was then filtered over cellulose to remove impurities of colloidal gold. Precipitation by addition of T H F gave an almost colourless sol id, which was further purified by recrystallization from a mixture o f methylene chloride and TH F. Yield: 0.45 g, 88%. Table II . Further details of the crystal structure investiga tion may be obtained from the Fachinformationszentrum Karlsruhe, D-W-7514 Eggenstein-Leopoldshafen 2, on quoting the depository number CSD 56399, the names of the authors, and the journal citation.
Analysis fo r 2 ( C25H
Results and Discussion
Nitrogen donor ligands employed in this study were the secondary amine piperidine and the ter tiary amine quinuclidine (l-azabicyclo[2.2.21-octane). Cyclic molecules were chosen in order to minimize the steric demand of the organic substi tuents on nitrogen and thus facilitate its donor interaction with gold(I). In addition, quinuclidine appeared to be a promising ligand since it posses ses a rigid structure, as compared to N-substituted piperidines and other tertiary amines.
Piperidine reacts with triphenylphosphinegold(I) tetrafluoroborate at low temperature to form a colourless precipitate of the monoaurioammonium salt [R2NH(AuPPh3)]+ BF4~ (eq. (1)).
C 5 H i o NH + t P h 3 P A u ] + B F 4
THF
The IR spectrum shows absorptions which can be assigned to coordinated piperidine, as well as ''fingerprint" bands associated with tetrafluoro borate anion and the triphenylphosphine ligand. Finally, the mass spectrum obtained by fast atom bombardment provides direct evidence for the existence of 1, with the parent ion giving rise to a peak of medium intensity at m/e = 544.2.
Triphenylphosphineaurio(I)quinuclidinium tetrafluoroborate (2) was prepared in a similar reaction [eq. (2)]. Spectroscopic characterization of compound 1 was hampered by its reduced stability in solution, which precluded the measurement of a 13C NM R spectrum even at low temperature. However, the proton-decoupled 31P NM R and !H NM R spectra could be obtained. The 31P spectrum reveals a broadened singlet of half-width W 1/2 10 Hz at ö = 30.7 ppm, which is a value comparable to that found for triphenylphosphinegold(I) complexes of primary amines [27c] . The resonances assigned to the amine ligand in the 'H NM R spectrum are also broadened. These data indicate intermolecular li gand exchange under the given conditions. On the other hand, the resonance of the protons bonded in a-position to the NH group exhibits a character istic low field shift (Ad = +0.56 ppm) in compari son to free piperidine. On a similar note, the pro ton bonded to nitrogen has a chemical shift value of ö = 5.2 ppm and is thus deshielded strongly, given the chemical shift range of S = 1.0 to 2.5 ppm usually found for NH protons of cyclic secondary amines [31] . This implies considerable metal-ligand interaction.
Careful precautions to eliminate all traces of moisture from the reactants proved to be vital for the generation of 2. In the presence of water, qui nuclidine is protonated with concomitant forma tion of the oxonium salt [(Ph3PAu)30 ] + BF4_, which has been described in the literature [15 c] and can be identified by its characteristic 31P chem ical shift. Similar observations have been made for other quinuclidine-transition metal complexes [32] . After repeated recrystallization from meth ylene chloride/THF to remove impurities of col loidal gold, the product is obtained as a colourless solid in 88% yield. 2 is very moisture-sensitive but can be stored at room temperature under nitrogen in the absence of light. Solutions of 2 in methylene chloride or chloroform, however, are unstable and slowly precipitate colloidal gold.
The 31P NM R spectrum recorded at -3 0 °C shows a singlet (W1/2 ~ 3 Hz; W1/2 at +30 °C approx. 6 Hz) whose chemical shift value of 29.3 ppm is similar to that determined for 1. The proton NMR spectrum of 2 shows the expected signals for the a-and /?-methylene as well as the methine groups of the amine ligand. The methy lene groups give rise to signals of complex multi plicity, and the resonance of the methine proton is found to be a symmetrical multiplet of six lines, with alternating distances of 3.4 and 2.9 Hz, respectively.
Compound 2 is sufficiently stable to allow the measurement of a 13C NM R spectrum. The a-CH 2, /?-CH2 and CH groups give singlets as expected but it is noteworthy that, in comparison to the free ligand, the resonance of the carbon atoms imme diately adjacent to nitrogen is shifted to low field by about +5 ppm. The chemical shift values of the carbon atoms further away are similar to those in uncoordinated quinuclidine. The 13C subspectrum of the triphenylphosphinegold(I) unit resembles that found in related compounds [24] ,
In the field-desorption mass spectrum of 2, the parent ion is sufficiently stable to be detected as the base peak at m /e = 570.
Given the "isolobal" relationship between LAu+ and H + [33] , the analogy of the auration reactions described herein and the protonation of secondary or tertiary amines is obvious. In order to probe the nature of the gold(I)-nitrogen bond in monoaurioammonium complexes such as 1 or 2 in more de tail, an X-ray crystallographic study of the latter compound was undertaken. In view of the intra molecular m etal-m etal bonding interactions in polyaurated ammonium ions [24] [25] [26] , it was of particular interest to determine whether in a monoaurated species the absence of "auriophilicity" is reflected by a lengthened gold(I)-nitrogen bond.
Compound 2 crystallizes in the orthorhombic space group Pbca (Z = 8). The molecular structure of the quinuclidinium ion (with no crystallograph ic symmetry) is shown in Fig. 1 . The N -A u -P angle of 173.0(3)° is close to the value of 180° ex pected for twofold coordination of a d 10 metal centre. As is evident from inspection of Table I , the bond between gold(I) and nitrogen in com pound 2 (d(A u-N ) = 2.11(1) Ä) is indeed signifi cantly longer than the average value found in tri or tetraaurated ammonium ions. On the other hand, the A u -P distance of 2.240(4) Ä is within the range usually observed for a bond of this kind. Both ligands show no structural irregularities; the thermal ellipsoids of the methylene carbon atoms in quinuclidine indicate slight oscillation of the ligand about the A u -N axis. Viewed along the P -A u -N linkage, amine and phosphine ligand take up a staggered conformation with respect to each other. There are no unusual interionic con tacts, and it appears that an intermolecular bond ing interaction of the metal atoms is prevented by the steric demand of the ligands.
Conclusion
In this report it has been demonstrated that, using cyclic amine donor ligands such as piperidine or quinuclidine, monoaurated ammonium salts of general formula [R2NHAuPPh3]+ BF4~ or [R3NAuPPh3]+ BF4~ can be synthesized which are sufficiently stable to be characterized by a variety of methods. The increased stability of the quinucli dine complex over the piperidine complex implies that the donor capacity of the amine ligand towards monovalent gold is related to the rigidity of its molecular structure.
The compounds decompose in the presence of water, and one of the hydrolysis products is tris(triphenylphosphineaurio(I))oxonium tetrafluoroborate. In contrast, the triaurioammonium salts [RN(AuL)3]+ BF4~ are not only stable towards hydrolysis, but water is a side product in their formation [24] . The structure of the trinuclear cation is characterized by intramolecular Au -A u bonding interactions in both cases. This suggests that, since both nitrogen and oxygen are classified as "hard" donor atoms, the stability of their bonds to gold(I) is crucially dependent on the possibility of simultaneous formation of attractive m etalmetal interactions.
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